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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to medical catheters 
and, more particularly, to medical catheters having a 
portion shaped to ensure that a distal portion is posi- 
tioned within the right atrium of a heart. EP-A-600 678 
discloses a medical catheter with this capability, and 
having the technical features of the preamble of claim 
t , below. 

BACKGROUND OF THE INVENTION 

[0002] Medical catheters have been used to access 
locations within a patient without invasive surgery. The 
catheter may be introduced into a body passageway at 
locations where the passageway is near the skin. The 
catheter can then be advanced to an area of interest. 
Often, the ability to control the exact position and orien- 
tation of the tip of a catheter largely determines the use- 
fulness of the catheter. 

[0003] One known application for medical catheters 
is for the recording and mapping of endocardial signals, 
for example, to identify the focus or foci of a dysrhythmia 
or to ablate endo- or myocardial tissue. The success and 
advancement of current techniques has been depend- 
ent upon the development and use of more precise tech- 
niques for locating arrhythmogenic sites. Further, the 
operator (e. g. t electrophysiologist) has had to compro- 
mise between placing the catheter in the place of great- 
est clinical interest verses placing the catheter in areas 
which are anatomically accessible. 
[0004] To assist positioning a catheter at a desired lo- 
cation within a body, pre-shaped catheters have been 
constructed. Known catheters have been shaped to 
specifically access a particular site within the body. For 
example, U.S. Patent. No. 4,882,777 of Narula discloses 
a catheter having a complex multi-planar curvature 
which automatically positions the distal end of the cath- 
eter at a desired internal location. This particular cath- 
eter is designed to traverse the inferior vena cava 
through the tricuspid valve and into the right ventricle 
from the right atrium. Another catheter containing pre- 
shaped sections is disclosed in U.S. Patent No. 
5,423,772 of Lurie et al. That catheter has a distal por- 
tion containing a first longitudinal curve of a radius be- 
tween 7.0 cm and 11.0 cm and a second longitudinal 
curve of between 0.5 cm and 2.0 cm. Both of these lon- 
gitudinal curves are curved in the same direction. Other 
examples of the preshaped catheters are shown in U. 
S. Patent Nos. 3,485 f 234 and 3,503,385, both of Ste- 
vens, U.S. Patent No. 3,729,008 of Berkovits, and U.S. 
Patent No. 4, 860, 769 of Forgerty. 
[0005] Steerable catheters have also been used to di- 
rect the catheter to a desired location, and properly ori- 
ent or position the catheter at the desired location. For 
example, U.S. Patent No. 5,327,905 of Avitall discloses 



a pre-formed catheter section designed to be steered 
into a position an either the atrial or ventricular side of 
the A-V ring. Other steerable catheter designs are dis- 
closed in, for example, U.S. Patent No. Re. 34,502 of 
5 Webster, Jr. and U.S. Patent No. 4,920,980 is of Jack- 
owski. 

[0006] The object of this invention, therefore, is to pro- 
vide a catheter which is capable of being properly posi- 
tioned against the wall of the right atrium. 
10 [0007] A further object of the invention is to provide a 
catheter which may be nested within the tricuspid valve 
without prolapsing through the valve as the catheter is 
rolated during use. 

« SUMMARY OF THE INVENTION 

[0008] The invention is defined in claim 1 below. 
[0009] In one embodiment of the invention, the distal 
section supports a plurality of ring electrodes and is 
shaped to generally correspond to the physiology of the 
inner wall of the right atrium of the heart. 
[001 0] Further features and advantages of the inven- 
tion are described in connection with the following de- 
tailed description of a presently preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing and other features of the 
present invention will be more readily apparent from the 
following detailed description and drawings of an illus- 
trative embodiment of the invention in which: 

Fig. 1 is an elevational view of an electrode catheter 
embodiment constructed in accordance with the in- 
vention; 

Fig. 2 is a plan view, partially in section, of the cath- 
eter of Fig. 1 ; 

Fig. 3 is a cross-sectional view taken along line 3-3 
of Fig. 2; 

Fig. 4 is a cross-sect ion a I. view taken along line 4 
-4 of Fig. 3; 

Fig. 5 is a cross-sectional view taken along line 5-5 
of Fig. 3; 

Fig. 6 is a view of the right atrium of the heart with 
parts broken away showing the catheter of Fig. 1 
being advanced therein from the superior vena ca- 
va in a stressed (steered) condition; 
Fig. 7 is a view of the right atrium of the heart with 
parts broken away showing the catheter of Fig. 1 
returning to its unstressed condition (no pulling 
force being applied); and 

Fig. 8 is a view of the right atrium of the heart with 
parts broken away showing the catheter of Fig. 1 
having a section seated across the annulus of the 
tricuspid valve and another section located against 
the inner wall of the right.atrium. 
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DESCRIPTION OF A PREFERRED EMBODIMENT 

[0012] By way of overview and introduction, Fig. 1 
shows an electrode catheter 20 having a.shaft 30 at- 
tached at a proximal end 22 to a control handle 24 and 
extending to complexly curved and steerable sections 
which facilitate bringing the electrodes 26, 28 into pre- 
cise and continuous contact with tissue within a patient, 
for example, the inner wall of the right atrium (see Figs. 
6 and 7). The control handle forms no part of the present 
invention. A suitable control handle is described in U.S. 
Patent 5611777. 

[0013] The control handle is manipulated, for exam- 
ple, to locate the distal end of the shaft 30 within the 
right atrium. A knob 32 an the control handle 24 is rotat- 
able relative to the handle by the operator to cause a 
slideblock (not shown) within the control handle 24 to 
move away from the proximal end 22 of the shaft 30. A 
steering wire 38, which is slidably housed within the 
shaft 30 (see Fig. 3), is secured at its proximal'end to 
the slideblock. The steering wire 38 is pulled proximally 
due to rotation of the knob 32, for example, in the direc- 
tion of arrow A. Conversely, the steering wire 38 advanc- 
es distally when the slideblock moves toward the prox- 
imal end 22 of the shaft 30 as a result of rotation of the 
knob 32 in the opposite direction. Preferably, the steer- 
ing wire 38 is anchored to a distal tip assembly 34 (see 
Fig. 3), described below. A pulling force an the steering 
wire 38 causes the distal section of the catheter to be 
steered, as described next. The steering wire 38 must 
have a tensile strength, sufficient to overcome the com- 
pressive strength of the shaft 30 to cause an intermedi- 
ate section 44 to bend (Fig. 2). When the knob 32 is 
rotated in a direction opposite to arrow A, the compres- 
sive forces an the tip stock are released to cause the 
catheter tip to return to its relaxed, undeflected state. In 
the preferred embodiment, the steering wire 38 is a 
stainless steel wire having a pull strength of about 7 kg, 
or 15.5 pounds. 

[0014] With reference now to Fig. 2, the electrode 
catheter 20 is shown in its relaxed configuration (solid 
lines) and in its fully steered configuration (phantom 
lines). A distal section 40 of the shaft 30 supports the 
distal tip assembly 34, ring electrodes 28, and temper- 
ature sensor(s) 78 and includes a preferably off-axis lu- 
men for the steering wire 38 and the electrical conduc- 
tors for the electrodes 26, 28 and temperature sensors. 
The distal section 40 is preshaped to generally corre- 
spond to the physiology of the tissue to be mapped or 
ablated, for example, to have a radius corresponding to 
the radius of the inner wall of the right atrium. The shape 
may set into the' material of the distal section of the shaft 
30, or may be imparted to a hypotube 42 (Fig. 3), stiff- 
ening wire, or other elongate element capable of taking 
a set such as an element made of stainless steel or a 
shape memory alloy such as nickel-titanium. The shape 
of the distal section 40 is not affected by steering the 
catheter 20 to its fully steered configuration. 



[0015] A flexible intermediate section. 44 is disposed 
immediately proximal to the distal section 40. The inter- 
mediate section 44 bends or flexes at location 46 in re- 
sponse to a pulling force applied to the steering wire 38 

5 to permit the shaft 30 to assume a partially or fully 
steered configuration (as shown in phantom). When the 
catheter 20 is fully steered, the intermediate section 44 
bends to a radius of up to about .65 radian in a direction 
substantially opposite to the curve imparted to the distal 

10 section 40 and in substantially the same plane. Such 
bending is encouraged by the arrangement of the steer- 
ing wire 38 within an off-axis lumen at least within the 
intermediate section 44 (see Fig. 3) , and causes the 
distal section 40 to be urged into contact with tissue with- 

15 in the patient, for example, the inner wall of the right atri- 
um. 

[0016] A proximal section 48 extends proximally from 
the proximal end of the flexible intermediate section 44. 
The proximal section 48 includes a complex curve set 

20 in the shaft 30 which is shaped to seat the catheter rel- 
ative to an anatomical feature within a patient. For ex- 
ample, the complex curve may be shaped to seat the 
catheter 20 across the annulus of the tricuspid valve to 
prevent prolapse of the catheter through the tricuspid 

25 valve, and is preferably shaped to contact generally op- 
posing margins of the annulus of the tricuspid valve of 
the heart. This may be achieved by setting a series of 
curves C1-C3 which extend in substantially one plane 
generally as a sinusoid. Preferably, the curves C1-C3 

30 are set into the material of the catheter by a baking proc- 
ess which provides a set which is retained at and some- 
what above body temperature (37° C). 
[0017] As shown in the embodiment of Fig. 2, a first 
curve C1 has its origin an the right side of the catheter 

35 20 and traces a .30 to .50 rad curve, a second curve C2 
has its origin an the left side of the catheter 20 and traces 
a .30 to .50 rad curve, a third curve C3 has its origin an 
the right side of the catheter 20 and traces a .85 rad 
curve. 

40 [0018] A fourth curve C4 is imparted to the catheter 
20 having its origin an the left side of the catheter only 
when a force is applied to the steering wire 38 to steer 
the catheter 20. When fully steered, the curve C4 traces 
a .65 rad curve. This is due to the flexible intermediate 
45 section 44 having a comparatively greater flexibility than 
the proximal section 48 and the relative inflexibility of 
the distal section 40. As a result, substantially all of the 
flex in the catheter 20 in response to a pulling force ap- 
plied to the steering wire 38 is accommodated by bend- 
so jng in the flexible intermediate section 44. The hypotube 
or stiffening wire 42 makes the distal section relatively 
inflexible. The flexible intermediate section 44 can be 
made comparatively more flexible than the proximal 
section 48 by providing a woven braid 56 from the prox- 
55 imal end 22 of the shaft 30 to the distal end of the prox- 
imal section 44. The braid 56 enhances the stiffness and 
torsional strength of the shaft 30. Thus, the proximal 
section 48 and the intermediate section 44 can both be 
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made of the same material, and preferably, can both be 
made of polyurethane. 

[0019] The distal section 40, flexible intermediate sec- 
tion 44, and the proximal section 48 are each intended 
to be inserted within the right atrium of the heart, as 
shown in Figs. 6 and 7. 

[0020] Turning now to Figs. 3-5, portions of the cath- 
eter that are to be inserted into the right atrium are 
shown in cross section. The steering wire 38 is shown 
anchored to a core 50 of the distal assembly 34 by 
threading the steering wire through a lumen in the core 
50 and back through another lumen after which the 
steering wire 38 is wrapped about itself. The steering 
wire 38 extends proximally through an off-axis lumen 52 
(with respect to the longitudinal axis of the catheter 20) 
in the flexible intermediate section 44 to the slideblock 
in the control handle 24. (A TEFLON® sheath 54 may 
surround the steering wire 38 to reduce friction through 
the lumen 52, as shown in Fig. 4.) The eccentric ar- 
rangement of the steering wire in the lumen 52 causes 
the catheter 20 to favor deflection in a known plane due 
to a wall thickness differential an either sjde of the steer- 
ing wire 38 in the intermediate section 44. The entire 
control handle 24 can be torqued by the operator 35 to 
steer the shaft 30 through the patient's vasculature. Ad- 
ditional steering wires can be provided, and a radius of 
curvature adjusting means can be provided in the man- 
ner described in the aforementioned US-A-5, 611 ,777. 
[0021] The steering wire preferably is fixedly attached 
to the distal tip section as fully described in WO 
97/1 7030. It is sufficient, however, to attach the steering 
wire to other points within the distal section 40, provided 
the entire distal section 40 may be urged into contact 
with the inner wall of the right atrium . Because the steer- 
ing wire is anchored to the distal tip section through an 
off-axis lumen 52, a proximal pulling force an the steer- 
ing wire 38 causes the distal section 40 to deflect in a , 
single plane along a single axis. The generally rigid hy- 
potube 42 within the distal section 40 prevents the distal 
tip section from changing its shape in any substantial 
amount upon steering the tip assembly. Instead, the 
catheter undergoes bending in the region of point 46 
(Fig. 2) along the flexible intermediate section 44. 
[0022] Turning again to Fig. 3, the distal section 40 of 
the shaft 30 terminates at distal tip 58. A central bore 60 
in the distal tip 58 is sized to receive the proximal end 
62 of the core 50 portion of the distal tip assembly 34. 
The core 50 has a compressible head 64 at its distal end 
which includes anchor tabs 66a, 66b. The core 50 has 
a longitudinal slot 68 extending proximally from its distal 
face which permits the anchor tabs 66a, 66b to resilient- 
ly flex toward each other as the core 50 is received within 
an aperture 70 in a hollow ablation electrode 26. Con- 
tinued insertion of the core 50 into the ablation electrode 
26 causes the anchor tabs 66a, 66b to snap into an an- 
nular groove 72 in the ablation electrode 26 which locks 
the core 50 and the ablation electrode 26 together. Due 
to tolerance control or other design considerations, the 



head 64 may remain in a partially compressed state 
even after the core and ablation electrode have snapped 
together so long as the two components interlock. The 
compressible head 64 includes a chamfered leading 

5 edge 74 which facilitates insertion of the core 50 into the 
aperture 70 of the ablation electrode 26 by camming the 
anchor tabs 66a, 66b together and thereby compressing 
the head 64 to a reduced profile. The annular groove 72 
has a shoulder 76 at its proximal edge which prevents 

10 the core 50 from being withdrawn from the ablation elec- 
trode 26 once the anchor tabs 66a, 66b have snapped 
into the groove 72. Alternatively, equivalent snap-lock 
arrangements can be provided as described in the 
aforesaid WO-A-97/17030. 

15 [0023] The core 50 is preferably made of a material 
having a low temperature coefficient, such as the UL- 
TEM®. 1 000 resin produced by the GE Plastics division 
of the General Electric Company, Pittsfield, MA. The low 
temperature coefficient material provides thermal insu- 

20 lation between the ablation electrode 26 and the distal 
section 40. The provision of the core 50 between the 
distal section 40 and the ablation electrode 26 reduces 
the likelihood of catheter damage during an ablation pro- 
cedure. As a result, a wider range of materials can be 

25 selected for the distal section 40, including materials 
with melt-temperatures that are significantly less than 
the expected ablation temperature, such as poly- 
urethane. 

[0024] With further reference to Fig. 3, the distal as- 
30 sembly 34 preferably houses a temperature sensor 78. 
As described in the aforesaid WO-A-97/1 7030, the core 
50 includes a central lumen and several off-axis lumens 
for conveying wires, from the ablation electrode 26 and 
the temperature sensor 78, respectively, to a conven- 
es tional connector 80 (Fig. 1). The temperature sensor 78 
is preferably a thermistor and may be positioned within 
a cavity 82 in the ablation electrode 26 about four to sev- 
en mils from the ablation electrode distal tip. A potting 
compound 84, for example, TRA-BOND FDA-2 epoxy 
40 made by Tra-Con, Inc. of Medford, Massachusetts may 
add rigidity to the entire distal assembly 34. 
[0025] The distal section.40 defines a lumen 86 for 
receiving the steering wire 38 and its surrounding TE- 
FLON sheath 54 (Figs 4 and 5), as well as the conduc- 
es tive wires from the temperature sensor 78 and the distal 
ablation electrode 26. Mounted, in spaced relation along 
the distal section 40 are ring electrodes 28a, 28b, and 
28c which may be sized for intracardiac ECG recording, 
mapping, stimulation, or ablation. The ring electrodes 
so 28 are electrically connected to suitable, components 
via conductive wires 88a, 88b, and 88c which extend 
through respective apertures 90a-cintheside of the dis- 
tal section 40 into the lumen 86. The lumen 86 commu- 
nicates with the off-axis lumen 52 in the intermediate 
55 section 44 and also may be provided as an off-axis lu- 
men. 

[0026] The ring electrodes 28a-c are individually con- 
nected to a recording and monitoring device via conduc- 



7 



EP 0 839 547 B1 



8 



tive wires 88a-c. Each ring electrode may have a tem- 
perature sensor associated with it to provide tempera- 
ture sensing at the surface of the electrodes in the same 
manner as temperature sensor 78 is provided for the 
electrode 28. The temperature sensors are .connected 
to a generator via similar electrical conductors. In oper- 
ation, a signal may be sent from the temperature sen- 
sors to the generator to either increase or decrease the 
supplied radiofrequency ("RF") energy. This enables the 
temperature of the ablation to be maintained at a preset 
level. 

[0027] The distal section 40 may be integral with the 
intermediate section 44. In the preferred embodiment, 
the proximal section 40 includes the woven braid 56, 
and this section may be connected to the proximal end 
of the intermediate section 44 in a conventional manner, 
preferably along complementary tapered and overlap- 
ping regions at their respective distal and proximal ends, 
respectively, for example, as shown at 92 (Fig. 3). This 
may be achieved, for example, by ultrasonic welding. A 
lumen 94 in the proximal section 48 extends proximally 
to the control handle 24, and is in communication with 
the off-axis lumen 52 of the intermediate section 44 and 
the lumen 86 of the distal section 40. 
[0028] The ring electrodes and the tip electrode are 
preferably made from platinum. Each electrical conduct- 
ing wire is separately electrically insulated to allow the 
conducting wires to share a single lumen through the 
catheter body. The conducting wires are preferably 
127mj7i (.005") diameter copperwire, with approximately 
25[im (.001") thick insulation thereon. 
[0029] In operation, thecatheter20 may be advanced 
into the right atrium, for example, from the superior vena 
cava. The distal section 40 is generally advanced to- 
ward the right atrium by applying a pulling force an the 
steering wire 38 (for example, by rotating the knob 32 
of the control handle 24) to generally align the distal sec- 
tion 40 with the longitudinal axis of the shaft 30 by bend- 
ing the flexible intermediate section 44 at point 46 (Fig. 
6). Once the proximal section 48 has entered the right 
atrium RA, the pulling force is released so that the inter- 
mediate section 44 is no longer bent at point 46 (Fig. 7). 
With the catheter 20 is in its relaxed condition, the prox- 
imal, intermediate, and distal sections 48, 44, and 40 
generally assume a J-shaped configuration, with the 
distal section 40 being oriented more toward the supe- 
rior vena cava SVC than the inferior vena cava I VC. The 
catheter is then advanced into contact with the atriov- 
entricular septum which separates the right atrium RA 
and the right ventricle RV (Fig. 8). The complex curva- 
ture of the proximal section 44 is shaped to seat or nest 
the catheter 20 across the annulus of the tricuspid valve 
TV, which valve permits communication between the 
right atrium RA and the right ventricle RV. The seated 
catheter automatically locates the distal section 40 and 
the electrodes 26, 28 within the right atrium, adjacent 
the inner wall thereof. Once seated, the catheter 20 can- 
not prolapse through the tricuspid valve into the right 



ventricle. A pulling force is then applied to the steering 
wire 38 to urge the electrodes 26, 28 into firm contact 
with the cardiac tissue, as shown by the arrow alongside 
the steering wire 38 in Fig. B. Good tissue contact can 

5 be determined by impedance measurements in a man- 
ner well known in the art. When good tissue contact is 
achieved, RF energy is applied to the distal tip and ring 
electrodes. RF energy is then turned off and the catheter 
can then be rotated with respect to an axis of the tricus- 

10 pid valve so that said distal section 40 can be positioned 
into contact with different portions of theinnerwall.ofthe 
right atrium for further mapping and/or ablation. The 
seated proximal section 48 thus provides a reference 
point relative to the patients anatomy which ensures 

15 that the ring electrodes 28 are placed accurately within 
the right atrium. 

[0030] In the preferred embodiment, a plurality of con- 
ductive ring electrodes are mounted an the outer sur- 
face of the distal section 40. The ring electrodes 28 are 

20 typically 4 mm in length with 3 mm spacing between the 
ring electrodes. It is understood that the actual sizes of 
the ring electrodes and the spacing between the ring 
electrodes may be varied depending an the specific in- 
tended use for the catheter. The outer diameter of the 

25 electrodes is preferably substantially equal to the outer 
diameter of the distal section 40 so that the electrodes 
form a substantially smooth, continuous surface with the 
outer surface of the distal section 40. 
[0031] As will be readily apparent to those skilled in 

30 the art the dimensions stated relate to one particular 
catheter size and are disclosed solely by way of exam- 
ple and should not, therefore, be understood as an in- 
tended limitation an the scope of the invention. For ex- 
ample, the 'radii of curvature and electrode spacings 

35 may be varied to suit individual patient needs as function 
of the dimensions of the patient's heart and surrounding 
anatomy. 

[0032] Any one or more of these alternative embodi- 
ments may be combined one with another for a partic- 

40 ular use contemplated or intended for a tip deflectable, 
steerable ablation catheter. For example, the catheter 
can have a relaxed condition as shown in phantom in 
Figs. 1 and 2 and a fully steered condition as shown in 
solid lines in the same figures. According to this alter- 

45 native arrangement, the off-axis lumen 52 preferably 
would be located an the opposite side from that shown 
in Fig. 3. 

[0033] Furthermore, the particular features described 
above can be arranged an different elements to achieve 
so a flexible and steerable catheter within the scope of the 
following claims, including steerable catheters having 
an angioplasty balloon supported thereon instead of 
electrodes, or any one (or more) of a variety of other 
devices for performing a medical procedure. 

55 
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Claims 

1 . A steerable catheter (20), comprising: 

a preshaped distal section (40), 
a flexible intermediate section (44) having a 
distal end connected to said distal section, 
a proximal section (48) having a distal end con- 
nected to said flexible intermediate section, 
and 

means (38) for steering the distal section of the 
seated catheter into contact with tissue within 
the patient by flexing said flexible intermediate 
section; said catheter being characterized by: 

a complex (C^) curve in said proximal 
section, the complex curve being shaped 
by setting a series of three curves (C 1 - C 3 ) 
which extend in substantially one plane 
generally as a sinusoid to seat the catheter 
relative to an anatomical feature within a 
patient, which is an atrium of the heart. 



2. The steerable catheter as in claim 1, wherein the 
catheter is an electrode catheter and wherein said 
distal section supports a plurality of spaced elec- 
trodes (28). 

3. The steerable catheter as in claim 1 or 2, wherein 
said preshaped distal section includes a preshaped 
hypotube (28). 

4. The steerable catheter as in any one of the preced- 
ing claims, wherein said steering means includes a 
steering wire (38) connected to said distal section 
which causes said flexible intermediate section to 
flex in response to an applied pulling force. 

5. The steerable catheter as in any one of the preced- 
ing claims, wherein said flexible intermediate sec- 
tion has a comparatively greaterflexibility than said 
complexly curved proximal section, whereby sub- 
stantially all of the flex in the catheter in response 
to the applied pulling force is contained within said 
flexible intermediate section. 

6. The steerable catheter as in any one of the preced- 
ing claims, wherein said flexible intermediate sec- 
tion includes an off-axis lumen which houses said 
steering wire. 

7. The steerable catheter as in any one of the preced- 
ing claims, wherein the catheter is rotatable with re- 
spect to a line which would correspond, in use of 
the catheter, to an axis of the tricuspid valve, so that 
said distal section can be steered into contact with 
different portions of the inner wall of the right atrium. 



8. The steerable catheter as in any one of the preced- 
ing claims, wherein said proximal section is so 
shaped as to be capable of contacting generally op- 
posing margins of the annulus of the tricuspid valve 

s of a human heart. 

9. The steerable catheter as in any one of the preced- 
ing claims, wherein said complexly curved proximal 
section includes a fourth curve (C 4 ) being formed in . 

10 said second longitudinal direction due to flexing of 
said flexible intermediate section in response to 
steering of said distal section. 



15 PatentansprOche 

1 . Ein lenkbarer Katheter (20), mit: 

einem vorgeformten distalen Bereich (40), 
20 einem elastischen Zwischenbereich (44) mit ei- 

nem distalen Ende, das mit dem distalen Be- 
reich verbunden ist, 

einem proximalen Bereich (48) mit einem dista- 
len Ende, das mit dem elastischen Zwischen- 

25 bereich verbunden ist, und 

einem Mittel (38) zum Lenken des distalen Be- 
reichs des eingefuhrten Katheters in Kontakt 
mit Gewebe innerhalb eines Patienten durch 
Biegen des elastischen Zwischenbereichs, ge- 

30 kennzeichnet durch 

eine komplexe Kurve (C,_ 4 ) in dem proximalen 
Bereich, wobei die Form der komplexen Kurve 
durch Einstellen einer Reihe von drei Kurven 
(C 1 - C 3 ) bestimmt wird, die sich im Wesentli- 

35 chen in einer Ebene als im Atlgemeinen eine 

Sinuskurve erstrecken, urn den Katheter relativ 
zu einem anatomischen Merkmal innerhalb ei- 
nes Patienten, das gleich dem Herz-Vorhof ist, 
zu setzen. 



40 



45 



2. Der lenkbare Katheter nach Anspruch 1 , wobei der 
Katheter ein Elektroden-Katheter ist, und wobei der 
distale Bereich eine Mehrzahl von zueinander be- 
abstandeten Elektroden (28) tragt. 

3. Der lenkbare Katheter nach Anspruch 1 Oder 2, wo- 
bei der vorgeformte distale Bereich ein vorgeform- 
tes Rbhrchen (28) umfasst. 



so 4. Der lenkbare Katheter nach einem der vorherge- 
henden Anspruche, wobei das Lenkmittel einen mit 
dem distalen Bereich verbundenen Lenkdraht (38) 
umfasst, der ein Biegen des elastischen Zwischen- 
bereichs als Reaktion auf eine ausgeubte Zugkraft 

55 bewirkt. 

5. Der lenkbare Katheter nach einem der vorherge- 
henden Anspruche, wobei der elastische Zwischen- 
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bereich eine verhaltnismaGig groBere Elastizitat als 
der komplex gekrummte proximale Bereich besitzt, 
und wobei im Wesentlichen die gesamte Biegung 
in dem Katheter als Reaktion auf die.ausgeubte 
Zugkraft innerhalb des elastischen Zwischenbe- 
reichs enthalten ist. 

6. Der lenkbare Katheter nach einem der vorherge- 
henden Anspruche, wobei derelastischeZwischen- 
bereich ein auBerhalb der Achse liegendes Lumen 
umfasst, in dem der Lenkdraht enthalten ist. 

7. Der lenkbare Katheter nach einem der vorherge- 
henden Anspruche, wobei der Katheter in Bezug 
auf eine Linie drehbar ist, die bei der Verwendung 
des Katheters einer Achse der Trikuspidalklappe 
entsprechen wurde, so dass der distale Bereich in 
Kontakt mit unterschiedlichen Abschnitten der In- 
nenwand des rechten Vorhofes gelenkt werden 
kann. 

8. Der lenkbare Katheter nach einem der vorherge- 
henden Anspruche, wobei derproximale Bereich ei- 
ne derartige Form besitzt, so dass er in Kontakt mit 
im Allgemeinen gegenuberliegenden Bereichen 
des Annulus der Trikuspidalklappe des menschli- 
chen Herzens treten kann. 

9. Der lenkbare Katheter nach einem der vorherge- 
henden Anspruche, wobei der komplex gekrummte 
proximale Bereich eine vierte Kurve (C 4 ) umfasst, 
die in der zweiten Langsrichtung ausgerichtet ist auf 
Grund des Biegens des elastischen Zwischenbe- 
reichs als Reaktion auf das Lenken des distalen Be- 
reichs. 



Revendications 

1 . Catheter guidable (20) comprenant : 

une section distale preformee (40), 

une section intermediaire flexible (44) ayant 

une extremite distale raccordee & ladite section 

distale, 

une section proximale (48) ayant une extremite 
distale raccordee a ladite section intermediaire 
flexible, et 

des moyens (38) pour guider la section distale 
du catheter place en contact avec le tissu dans 
le corps du patient en pliant ladite section inter- 
mediaire flexible ; ledit catheter etant caracte- 
rise par : 

une courbe complexe (C,_ 4 ) dans ladite 
section proximale, la courbe complexe 
etant mise en forme en etablissant une se- 
riedetroiscourbes (C-, kC 3 ) quis'etendent 



dans essentieliement un plan generale- 
ment sous forme de sinusoTde pour placer 
le catheter par rapport a une caracteristi- 
que anatomique dans le corps du patient, 
s qui est une oreillette du coeur. 

2. Catheter guidable selon la revendication 1 , dans le- 
quel le catheter est un catheter k electrodes et dans 
lequel ladite section distale supporte une pluralite 

w d'electrodes espacees (28). 

3. Catheter guidable selon la revendication 1 ou 2, 
dans lequel ladite section distale preformee com- 
prend un tube hypodermique preforme (28). 

15 

4. Catheter guidable selon Tune quelconque des re- 
vendications precedentes, dans lequel lesdits 
moyens de guidage comprennent un guide (38) rac- 
corde k ladite section distale qui entraine la flexion 

20 de ladite section intermediaire flexible en reponse 
a une force de traction appliquee. 

5. Catheter guidable selon I'une quelconque des re- 
vendications precedentes, dans lequel ladite sec- 

25 tion intermediaire flexible a une flexibility compara- 
tivement superieure a celle de ladite section proxi- 
male k courbe complexe, moyennant quoi sensible- 
ment toute la flexion dans le catheter en reponse a 
la force de traction appliquee est contenue & I'inte- 

30 rieur de ladite section intermediaire flexible. 

6. Catheter guidable selon I'une quelconque des re- 
vendications precedentes, dans lequel ladite sec- 
tion intermediaire flexible comprend une lumiere 

35 excentree qui abrite ledit guide. 

7. Catheter guidable selon I'une quelconque des re- 
vendications precedentes, dans lequel le catheter 
peut tourner par rapport a une ligne qui correspon- 

40 drait, iorsque le catheter est utilise, a I'axe de la val- 
vule tricuspide, de sorte que ladite section distale 
peut etre guidee en contact avec differentes parties 
de la paroi interieure de I'oreillette droite. 

45 8. Catheter guidable selon I'une quelconque des re- 
vendications precedentes, dans lequel ladite sec- 
tion proximale est formee de sorte a pouvoir venir 
en contact avec les bords generalement opposes 
de I'anneau de la valvule tricuspide d'un coeur hu- 
so main. 

9. Catheter guidable selon I'une quelconque des re- 
vendications precedentes, dans lequel ladite sec- 
tion proximale a courbe complexe comprend une 
55 quatrieme courbe (C4.) formee dans ladite seconde 
direction longitudinale en raison de la flexion de la- 
dite section intermediaire flexible en reponse au 
guidage de ladite section distale. 



EP 0 839 547 B1 




EP 0 839 547 B1 




EP 0 839 547 B1 




EP 0 839 547 B1 




EP 0 839 547 B1 



J' 




i- 



EP 0 839 547 B1 




2 

S3 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



